The generation of a broadband laser field with well-defined and controllable statistical properties, known as the real Gaussian laser field, has been achieved through the random modulation of the amplitude of a stabilized laser beam. The verification of the field-generation technique is provided by measurements of the laser power spectrum (Lorentzian) and by measurements of the intensity autocorrelation function. The latter is shown to decrease exponentially from an initial value of nearly 3 to a final value of 1 with a decay time related to the inverse bandwidth of the field. The techniques for generating this field and for its characterization are discussed in this paper.
INTRODUCTION
Laser bandwidth has been shown over the past several years to have a strong influence on qualitative and quantitative observations of multiphoton interactions. for representative works in this area. ) Calculations of these effects are typically based upon one of several different models of laser fields, and it has been established theoretically ' that two lasers possessing the same power spectrum can produce significantly different results in nonlinear processes due to different higherorder statistical properties. Experimental verification of this has recently been provided in the microwave regime in comparisons of the phase diffusing field with the phase jump field. In this report we discuss the laboratory generation of a field known as the real Gaussian field, and a study of its statistical properties. The ultimate goal of this project is the application of this field to nonlinear atomic systems for the direct comparison with the results of theoretical calculations and with experimental results which test other field models. ' The real Gaussian field can be described by the expression E(t) =Eoe(t)e where e(t ) is a fiuctuating real amplitude and coL is a constant frequency. The random amplitude is a Gaussian process and the average value of e(t ) is zero, i.e. , it is positive as often as it is negative. The method we use to generate this field involves the random amplitude modulation of the output of a stabilized dye laser using an acousto-optic modulator. This process has the ability to transfer the statistical properties of an rf drive voltage to the diff'racted optical field. Generation of the optical real Gaussian field therefore depends upon our ability to generate an rf drive signal which has the properties of the real Gaussian field. This is done using a combination of rf mixers and hybrid junctions, as will be described later. The real Gaussian field is closely related to the radiation field produced by a thermal source. (The latter has been referred to often as the chaotic field, a name which we will avoid here because of the recent explosion of interest in the chaotic behavior of nonlinear systems. We will instead use the name thermal field. ) The real Gaussian field and the thermal field are similar in that each is characterized by strong intensity fluctuations. An important distinction, however, lies in the phases of the two fields. The field produced by a blackbody emitter is the superposition of fields of a large number of independent randomly phased elements of the source. As a result the phase of the resultant field is randomly distributed, and the field can be described as a complex variable
E(t) =Eo[e'(t)+i e" (t)]e
where the two amplitudes e'(t ) and s"(t ) are real Gaussian variables with zero mean. In addition to a blackbody emitter, other sources of the thermal field include a laser operating on several independent, randomly phased longitudinal modes, and light incident upon an ensemble of randomly distributed scatterers, such as a rotating piece of ground glass. "
The intensity fluctuations of the real Gaussian field are much stronger than those of the thermal field, as we will discuss in a later section. Larger intensity fluctuations are expected to lead to stronger laser bandwidth effects on nonlinear processes. For example, the two-photon absorption rate by a broadband absorber is expected to be enhanced by a factor of 3 for the real Gaussian field over that for a monochromatic field of the same average intensity, while the thermal field absorption rate is enhanced by a factor of only 2. ' The frequency width of the twophoton absorption profile should be the same in each case, increasing as twice the laser width. In the case of the ac Stark effect associated with the saturation of a one-photon process, Georges has calculated that the amplitude fluctuations of either field tend to wash out the Rabi sidebands as observed through resonance fluorescence measurements.
Again this effect is more pronounced for the real Gaussian field.
Recently, Vemuri, Roy, and Agarwal' Fig. 3 , is discussed in this section, as well as the autocorrelation function of the intensity.
Because of the linear relationship between the modulating signal V e(t } and the amplitude of the rf drive signal (see Eq. 4), the power spectrum and correlation function given in Eqs. (6) 
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Since the field amplitude is a Gaussian process, the fourth-order field correlation function can be written' as to be preferable because of these difficulties. In this case, the real Gaussian field and a monochromatic "local oscillator" are combined and focussed onto a photodiode. The local oscillator beam is produced by the same laser, and separated from the laser output before it passes through the AOM. It is therefore narrow band , and differs in frequency from the real Gaussian field by 200 MHz. The current produced by the photodiode at the beat frequency can be spectrally analyzed to produce the spectrum of the modulated laser field. The power spectra of the heterodyne signals typically match the power spectra of the rf drive signal quite well close to line center, but drop off at frequencies farther away from line center due to the limited frequency response of the AOM. The symmetry of these curves again help verify the low level of any phase modulation which might be present. The heterodyne signal can also be displayed directly on an oscilloscope, an example of which is shown in Fig. 5 
